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Early in 1951 the Lake States Forest Experiment 

Station published a paper on Chemical Control of 

Brush and Tree Growth for the Lake States (Miscel- 

laneous Report No. 15) by Paul O. Rudolf. The 

report has been and still is in great demand. 

The rapid advance of research in the field of 

woody=plant control, however, has made revision 

desirable. The present report, revised by Richard 

F, Watt, includes much new material on chemicals, 

formulations, and methods of application devel- 

oped during the past few years. 
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CHEMICAL CONTROL OF BRUSH AND TREES IN THE LAKE eres 
————————————— 7 — = — —— = Sy 

A REVIEW OF PRESENT KNOWLEDGE ,1/ x 
SSS 
L 

by 

Paul O,. Rudolf, and Richard F,\Watt, Foresters 

Lake States Forest Experiment Station 2/ 

teNete Rk OsD) Ure sy sO IN 

Woody plants must often be controlled on areas used by man, In 

forestry, encroachment of brush and trees on firebreaks, trails, 

telephone and powerline rights-of-way, and plantations must be 

prevented or controlled. Furthermore, unwanted woody plants must 

be curbed on areas being prepared for natural or artificial regen- 

eration. Often the less valuable trees must be removed in cultural 

operations in forest stands. In other fields of activity also, 

woody plants may present problems of control. Farmers, highway and 

railroad officials, and utility line operators often encounter the 

problem of eliminating woody growth from their properties. In the 

past, mechanical methods have been most commonly used; on occasion, 

fire has been employed with success. However, during the last 10 

years a number of chemicals have been developed which permit re- 

placement of older methods with considerable savings in costs. As 

a result, much of the present control of unwanted woody=plant growth 

is now accomplished with chemical rather than mechanical means. 

New chemicals and formulations and methods of application have been 

developed so rapidly in recent years and have been applied in so 

many different ways to a great many woody=plant species that it is 

difficult for workers to stay abreast of developments. It has be- 

come desirable, therefore, to summarize present knowledge of chemi- 

cal control of woody plants even though the material will remain up 

to date but momentarily. Accordingly, this report brings together 

a brief summary of findings applicable to Lake States conditions 

and species. 

1/ This paper is a revision by Richard F, Watt of Miscellaneous 

Report No. 15, prepared in 1951 by Paul O. Rudolf. 
2/ Maintained by the Forest Service, U. S. Department of Agri- 

culture, aibesite Pau y, mele in cooperation with the University of 

Minnesota, 



KE NEDES OF 

CHEMICAL HERBICIDES 3/ 

Ideally, a chemical herbicide should not only be effective in kill- 

ing weed species but also reasonable in cost, easy to handle and 

apply, safe to use, non-toxic to higher animals, and non-corrosive 

to equipment. Many of the older herbicides were deficient in one 

or more of these requirements. : 

On the basis of type of action on the plant, chemical herbicides 

may be classed as (1) contact poisons, (2) soil sterilants, which 

poison the soil and kill by being taken into the roots, and (3) sys- 

temic poisons, which are absorbed and translocated throughout the 

plant. Some herbicides may kill by combinations of these methods. 

For most forestry purposes, the contact poisons have little use, 

for they do not kill the underground portions of the plant, which 

may produce a prolific growth of vigorous sprouts. The soil poisons 

have some value in maintaining vegetation=-free strips such as are 

needed for firebreaks, but their use is still rather limited because 

large quantities are required and they are effective for relatively 

short periods (77). Systemic poisons are most desirable for brush 

control, for they may kill both tops and roots, eliminating the 

problem of subsequent sprout control. 

Some chemical herbicides are selective, injuring or killing certain 

species or groups of species but not harming others. Others will 

kill all forms of vegetation. Both types are useful in forestry. 

The selective kinds are needed for such operations as releasing 

young conifers overtopped by broadleaf brush or trees. The non-= 

selective kinds may be preferred on right-of-way brush control and 

similar situations where a general kill is sought. 

OLDER HERBICIDES 

Although chemicals may be thought of as a new tool in the control 

of vegetation, the writing of Caesar tells how the Roman legions 

rendered sterile the fields of the conquered Carthaginians by apply- 

ing common salt, sodium chloride. Since those early days, chemical 

control of weeds has been practiced with indifferent success until 

recent years when more effective chemicals were developed. 

3/ "Herbicide" is used here in the dictionary sense--weed 
killer. The term “silvicide” is sometimes used to designate mater- 
ials for killing woody plants. 



Sodium Arsenite 

Since the late 1920's sodium arsenite has been used in controlling 

woody vegetation by application to cut stumps or through incisions 

in the bark. This chemical is highly toxic, the arsenic ion re- 

acting violently with protoplasm, denaturing and killing it. The 

solution is mildly alkaline and highly buffered; the chemical, 

therefore, easily enters the plant cuticle by its hydrolyzing action 

(19). Sodium arsenite is non-selective, is translocated, and kills 

quickly. Unfortunately, it is also highly toxic to animal life and 

thus is dangerous to the user and any wildlife or livestock that 

may be attracted by its taste. However, by using tabs of blotting 

paper soaked in sodium arsenite solution and a special spud for in- 

serting the tabs under the bark, trees can be killed with arsenite 

without danger to wildlife (73). This chemical has largely been 

replaced, except for chemical debarking, by newer safer ones that 

have been developed in the last 10 years. : 

Others 

Such chemicals as other arsenicals, sodium chlorate, ammonium thio- 

cyanate, and 27° diesel oil also proved reasonably effective in con- 

trolling woody plants (38). However, all these materials were 

either expensive in the quantities needed, or hazardous to use. 

Creosote, copper sulfate, zinc chloride, ammonium sulfamide, ammonium 

nitrate, and sodium nitrate have been found rather ineffective in 

killing woody plants (11). 

NEWER HERBICIDES 

Within the last 10 years new chemicals have been developed that are 

effective as herbicides and are non=poisonous to humans and animals. 

They are ammonium sulfamate, and various derivatives of the phenoxy- 

acetic acids and related compounds. All these chemicals are trans= 

located by plants and are sometimes effective in killing both the 

aerial and underground portions of plants. 

Ammonium Sulfamate 

Ammonium sulfamate is a relatively simple salt marketed under the 

name "Ammate." It is a non-selective chemical that can be used as 
a foliage spray or may be applied to cut surfaces. The chemical is 

supplied as yellowish crystals, which are highly soluble in water. 

The crystals are deliquescent, making storage a problem in high 

humidity areas. Ammate is highly corrosive to most metals used in 

spray equipment, a major disadvantage of the chemical, Equipment 

used for spraying Ammate solutions must be promptly and thoroughly 

washed out before serious damage results. 



The toxic action of Ammate is not well understood. Sulfamic acid is 

fairly strong; any acid strong enough to overcome the buffering ac- 

tion and markedly change the pH of the cell will kill it by decompo- 

sition of the chlorophyll, denaturing of the protoplasm, and dis- 

organizing of the nucleus. [In addition, ammonium salts are often 

highly dissociated and somewhat corrosive (19). 

Ammate is essentially non-selective, but some differences in response 

of species have been observed, especially in respect to its effec- 

tiveness on sprouting (54). Relatively large amounts of Ammate are 

needed for foliage spraying--100 to 400 pounds per acre=--(36), so 

that it has been superseded by the hormone-type chemicals which can 

do the job at considerably less cost. However, Ammate is a desir- 

able chemical for killing Large individual trees. Ammate crystals 

placed in notches in the base of oak, aspen, and maple over 4 inches 

in diameter gave nearly 100 percent top-kill in all seasons with a 

great reduction of sprouting over that obtained with only felling of 

the trees; similar results were obtained in treating the stumps of 

smaller trees (9). 

Season of application did not seem to affect the results with south- 

ern hardwoods (39), but midsummer applications were best for pon- 

derosa pine (35) and growing season applications were recommended 

for Ammate poisoning in notches in the Northeastern States (46). 

However, a test with hardwoods in Michigan gave good top-kill at 

all seasons of the year (9). One study indicated the poison to be 

much more effective when applied early in the morning than in the 

afternoon or evening (60). 

Experiments with privet and mockernut hickory disclosed that Ammate 

moves upward rapidly in the xylem and downward slowly in the phloem 

(12). Since movement in the xylem is most rapid in the growing 

season when transpiration is high, this relationship was advanced 

to explain why the best root kill with notching is obtained in the 

dormant season when the upward movement of fluids is lowest. The 

slow downward movement of Ammate also explains the importance of 

placing the chemical near the base of the tree to obtain good kill 

of the roots. With a few exceptions, such as hazel, most woody 

plants sprout quite vigorously after having been killed back by 

Ammate early in the growing season (22). 

Ammate is readily translocated as indicated by the killing of stand- 

ing aspen trees adjacent to the poisoned stumps of 90-year-old indi- 

viduals of the same species (58). In another case, red pines were 

killed by application to nearby aspen, even though no root grafts 

were found between the poisoned aspen and the affected pine (3). 

White pines have been killed by spraying of poison ivy growing under 

the trees (79). It has been found that Ammate, sodium arsenite, and 



sodium chlorate can be translocated from one red oak to another 

through natural root grafts, although 2,4,5-T apparently cannot (42). 

These cases illustrate that caution must be used in applying this or 

other herbicides in the vicinity of trees or shrubs that are to be 

saved. 

Growth=Regulating Chemicals 

In recent years various chemicals have been developed that act as 

growth hormones when absorbed by the plants. Foremost among these 

for woody=plant control are derivatives of 2,4-D (2,4=-dichloro= 

phenoxyacetic acid) and 2,4,5-T (2,4,5-trichlorophenoxyacetic acid). 

Other somewhat similarly acting chemicals include 2,4,5-TP (2,4,5- 

trichlorophenoxypropionic acid), MCP (2-methyl-4-chlorophenoxyacetic 

acid), and maleic hydrazide. These chemicals are effective in com- 

paratively small amounts and change the physiological activities of 

the plants to cause eventual death. 

These hormone-type herbicides cause a variety of reactions in plants, 

some readily discernible in outward characteristics of the plant, 

others discernible only by complex biochemical testing. Curling, 

twisting, and death of the stems and leaves of sprayed plants is one 

of the most obvious responses. Other responses are proliferation of 

stem tissues, destruction of the phloem, disorganization and rupture 

of the cortex of roots, increase of respiration, lowering of carbo- 

hydrates, and interference with native auxins and with physiological 

and enzymatic processes (78). Because the action of the hormones is 

so closely associated with the physiological condition of the plant, 

the reactions of plants may vary widely with the different condi- 

tions under which they are growing. Generally, when the conditions 

are favorable for the rapid photosynthesis and production of food in 

excess of the needs of the leaves, conditions are good for success- 

ful application of the herbicide. The herbicides are conducted 

throughout the plants in connection with the movement of carbohy- 

drates, so that application of herbicides when plants are actively 

manufacturing and transporting food is desirable. This occurs, of 

course, after the plant has been exposed to strong light at tempera- 

tures of 65° to 90° F. in the presence of ample water and mineral 

nutrients. Physiologically, the afternoon is an ideal time for fol- 

iage spraying. 

Hormone-type herbicides penetrate the cuticle of leaves readily and 

quickly, although plants with a heavy waxy cuticle appear to be more 

resistant to penetration by the chemicals (74). Rain as soon as 

one-half hour after application had no effect on the action of ester 

formulations, but reduced the effectiveness of water-soluble salts 

applied in weak solutions (55). Downward movement of the herbicides 

is slow and polar, so vertical roots are more readily killed than 



horizontal ones (19). This may explain some of the difficulty in 

preventing suckering in aspen. Application of herbicides as a basal 

spray or in a frill is believed to have the effect of a girdle rather 

than that of a hormone that kills by being translocated to other 

portions of the tree. This is borne out by the need to drench thor- 

oughly the root crown of trees in basal spraying for best control of 

sprouting. 

Hormone=-type herbicides are available in a large number of compounds; 

the herbicidal effectiveness varies with the derivative used. Using 

herbaceous plants as test material, the effectiveness in descending 

order was isopropyl ester, alkanolamine salt, the acid, and the 

ammonium, sodium, and calcium salts; these tests were made with both 

2,4-D and 2,4,5-T (53). Because of the similarity of the order, it 

is probable that this order will hold with other similar compounds 

such as 2,4,5-TP. 

Most commonly used for forestry purposes are the esters. The low= 

volatile esters have been found best for woody plants, although the 

more volatile ones are also effective. The esters, produced by re- 

action of the acid with various alcohols, are liquids that are 

miscible in oil and are often applied in oil solutions. With suit- 

able emulsifiers, the esters can be mixed with water or oil and 

water for spraying as emulsions. The pure acid is seldom used as a 

spray, for difficulties may be encountered in keeping the acid in 

solution when mixed with water or oil. However, special formula- 

tions are available that contain additives to keep the acid in solu- 

tion when mixed for spraying. Various salts of the acids have also 

been prepared, but these water-soluble powders are not as effective 

as the esters on woody plants. However, the amines have recently 

been used in high concentration for frilling and show promise in 

such applications (75). Generally, oil solutions or oil-water emul- 

sions with considerable oil are more effective than sprays with 

little oil, perhaps because of better penetration of the waxy 

cuticle. However, since some oils are toxic, it is possible to so 

burn the leaves before the herbicide is absorbed that effectiveness 

is decreased. The addition of wetting agents or fructose increases 

toxicity; proprietary preparations are produced with various adju- 

vants to increase activity. 

2,4-D (2,4-dichlorophenoxyacetic acid) 

The first hormone=-type chemical to be used to any extent in the con- 

trol of woody plants was 2,4-D. It is quite selective and is effec- 

tive on alder, elder, black locust, sumac, and willows, but rather 

ineffective on oaks, hickories, ashes, maples, and most conifers. 

Closely related forms can be manufactured which vary in the amount 

of chlorine in the molecule. 2,4-monochlorophenoxyacetic acid was 



more specific than the dichloro-form which, in turn, was more 

specific than the trichloro-form when tested on a number of ribes 

species (55). 2,4-D is somewhat cheaper than the newer 2,4,5-T 

and is, therefore, more economical to use on plants susceptible to 

it. It is often combined with 2,4,5-T in various proportions, 

usually 1:1, to give the so-called "brushkillers" which are effec- 
tive on a wider variety of plants than the 2,4-D alone. However, 

addition of 2,4-D to 2,4,5-T may lower the effectiveness of the 

2,4,5-T to plants that are resistant to 2,4-D (55). lLate-season 
spraying of 3 pounds a.h.g. (acid equivalent per hundred gallons of 

spray) of 2,4,5-T obtained results equivalent to that given with 4 

pounds a.h.g. of "brushkiller" (18). The trend is now toward re- 
placement of "brushkiller" with 2,4,5-T alone when treating a mix- 
ture of species some of which may be susceptible to control by 2,4-D 

alone. 

2,4,5-T (2,4,5-trichlorophenoxyacetic acid) 

The chemical 2,4,5-T entered the herbicide picture at a later date 

than 2,4-D but, because of its effectiveness on a wider variety of 

plants, has come into increasingly wider use in woody-plant control, 

Plants susceptible to 2,4-D are susceptible to 2,4,5-T; many plants 

resistant to 2,4-D are susceptible to 2,4,5-T. Better control of 

sprouting usually is obtained with 2,4,5-T. It is available in the 

same basic forms as 2,4-D, that is, acid, salts, amines, and esters. 

Again, the low-volatile esters of 2,4,5-T have been found the most 

effective in the control of woody plants. 

2,4,5-TP (2,4,5-trichlorophenoxypropionic acid) 

The chemical 2,4,5-TP is a relative newcomer to the field of brush 

control, and its potentialities are just beginning to be discovered. 

Like 2,4-D and 2,4,5-T, it can be formulated in a variety of com- 

pounds, but has been used on brush only in the low-volatile ester 

form. It has been found more effective as a foliage spray at 3 

pounds a.h.g. than similar applications of 2,4,5-T and brushkiller 

on three species of maple (24), although other tests showed about 

the same kill as 2,4,5-T on maple and on a wide variety of other 

species (17). 

Others 

The chemical industry is active in developing new chemicals that 

may prove to be effective in the control of brush. Considerable 

testing is necessary to determine the conditions under which these 

may be effective. Some of the newer ones are mentioned briefly 

below. They have not yet displaced the older 2,4-D and 2,4,5-T, 

but additional tests are needed to disclose their potentialities. 



Aminotriazole (3-amino, 1,2,4-triazole) has been used with 

good results on a number of species. Water solutions with 2 pounds 

per 100 gallons have given good results on western snowberry 

(Symphoricarpos occidentalis) and poison ivy (47, 48); at 6-pound 

concentrations black cherry, oak, ash, and hickory were killed (50). 

However, sumac, red maple, and sassafras recovered following initial 

injury by this chemical. The chemical is translocated by the plants; 

it often results in albinism the second year after treatment, fol- 

lowed soon by death. 

Esters of 2,4-DP (2,4-dichlorophenoxypropionic acid) have 

been formulated and tested in foliage spraying at 4 pounds a.h.g. on 

white and red oaks and black cherry, and were found to be more effec- 

tive than 2,4,5-TP, 2,4,5-T, and MCP propionic tested nearby (51). 

More testing is needed to explore the promising potentialities of 

this chemical. 

MCP (2-methyl-4-chlorophenoxyacetic acid) has been used in 

tests in both the amine and ester formulations. Basal sprays in oil 

gave good results on prickly ash (33) and barberry (49); foliage 

sprays on Symphoricarpos occidentalis, Rosa spp., and chokecherry 

were not as effective as 2,4-D or 2,4,5-T (56). 

Dinitro weed killers, complicated organic compounds used as 

yellow dyes, are selective herbicides in weak solutions but non- 

selective in strong ones. They are poisonous and inflammable under 

some conditions, but can be used without danger if reasonable care 

is exercised. Dinitro ortho secondary butyl phenol, DNOSP, has been 

fairly effective as a stem spray in killing alder, aspen, and haw- 

thorn, It kills leaves and stems rapidly when applied as a foliage 

spray, but vigorous sprouting follows (21). 

TCA (sodium trichloroacetate) has been used mainly to control 

grasses, but also injures many trees and shrubs. It kills largely 

as a soil poison. The soil may remain toxic for from a few weeks to 

as long as a year or more (41). For example, red pine seedlings 

spring=-planted in an area treated with 75 to 100 pounds of TCA the 

previous fall suffered considerable leaf burning; in another test, 

red pine transplants were uninjured. Seedlings were also uninjured 

when planted at least 3 months after treating the soil with 50 

pounds or less of TCA per acre, but suffered severely when trans- 

planted into soil treated 6 weeks previously (34). Fall applica- 

tions gave no reduction in germination or survival of seedlings 

transplanted the following spring. Post-emergent sprays on 6-week- 

old jack pine, however, gave 100 percent mortality (43). Addition 

of TCA to systemic herbicides resulted in better top-kill and sprout 

control (56). 



CMU (3=-(p-chlorophenyl)=-1, 1-dimethylurea) is another soil 

poison that has been used to kill trees and brush. Scrub oaks were 

killed with application of 50 pounds of pellets per acre (28). 

Dosage of 11 pounds or more controlled oak and grasses on southern 

planting sites; 2 to 3 years were required to kill the oak. However, 

slash pine planted 9 months after application suffered high mortality. 

In the sandy soils of this treated area biological activity is low 

and CMU persists for a long time (77). 

Other chemicals tried on woody plants are sodium monochloro- 

acetate, which was used successfully in frill girdles on aspen (23), 

and 2,3,6-trichlorobenzoic acid used on oak, willow, and hazel as an 

effective foliage spray (57). 

Indirect Effects of These Herbicides 

The hormone sprays and Ammate are not directly poisonous to men or 

animals, but they do have some indirect effects. For example, some 

people are allergic to the hormone herbicides; also, gloves soaked 

in Ammate solution may cause skin irritation, Oil solutions spilled 

on clothing may cause burning of the skin. 

Spraying of foliage available to wildlife or domestic stock does not 

appear to have any important effect upon the health of the animal 

that may subsequently eat it. A study of pasture spraying with con- 

centration 2 to 4 times greater than recommended for weed control 

disclosed no serious physiological effects upon the livestock in- 

volved; in no case was a sprayed area preferred to the unsprayed one, 

although the area sprayed with 2,4-D was grazed almost as well as 

the unsprayed (31). Chokecherry foliage, which contains hydrocyanic 

acid in sufficient amounts to be poisonous to livestock, showed a 

progressive decrease in hydrocyanic acid following spraying with 

2,4-D, 2,4,5-T, or Ammate (30). 
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Herbicides may be applied in a variety of ways. They may be sprayed 

on the foliage, the base of stems, or cut stumps, or in frills or 

girdles in the bark. Ammonium sulfamate crystals may be placed on 

the surface of freshly cut stumps or in notches cut into the bole, 

Depending upon the purpose for which they are used, the herbicides 

may be applied at several seasons, in various formulations, at a 

number of rates and concentrations, and by a wide variety of equip- 

ment. No one method is best for all conditions; no one chemical is 

superior in all cases. Although prescriptions can be given that 

will be highly successful in the majority of cases, there still re- 

mains an element of uncertainty in some cases because the response 

of the vegetation may be unfavorably affected by the physiological 

condition of the plant. 

KINDS OF APPLICATION 

Foliage Sprays 

Foliage sprays have been the most common method of applying the newer 

chemical herbicides. Such sprays have been used on plants up to 30 

feet tall, but until aerial spray methods were developed they were, 

in practice, limited to brush about 6 feet tall with density not too 

great to prevent good penetration of the mass of foliage. Early 

specifications for ground foliage spraying stipulated that the fol- 

iage be wetted to the point of runoff, requiring as much as several 

hundred gallons per acre. More recently, spraying with as low as 40 

gallons per acre has given good results (56, 63). Much smaller quan- 

tities have been used successfully in aerial spraying. Foliage 

sprays are usually applied at the full leaf stage of the plant but 

before the end of the growing season when plant activity is low. 

Concentrations of hormone sprays of 1,000 to 4,000 p.p.m. (parts per 

million) or 1 to 4 pounds a.h.g. are used. Ammonium sulfamate is 

used at about 1 pound per gallon of water. Solutions of chemicals 

that are too strong may result in burning of the tissue at the point 

of application with little or no translocation and consequently 

little lasting effect. 

Salts and amines of hormone herbicides, little used now in woody- 

plant control, may be applied in water sprays or in oil-water emul- 

sions by the addition of an emulsifying agent. Esters are soluble 

in oil and form emulsions when properly dispersed in water. Water 

and oil-water emulsions are commonly used for ground application of 

foliage sprays where the large volume of spray required obviates the 

use of large percentages of oil. Kerosene, diesel, and light fuel 

Oils are commonly used in preparing the oil-water emulsions. 
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Airplane spraying is the newest method of applying foliage sprays, 

and, although still a relatively poorly known procedure, it has 

found widespread acceptance because of the large areas that can be 

treated in a short time and at relatively low cost per acre (66). 

Even if the original treatment is not highly successful, the costs 

are so low that a number of airplane applications can be tried be- 

fore the cost equals that of ground spraying or mechanical opera- 

tions. Aerial spraying also can be used on areas of low accessi- 

bility where ground methods would be impossible or of prohibitive 

cost. ; 

The hormone=type herbicides are used in aerial spraying. One to two 

pounds acid equivalent per acre are usually sufficient. This amount 

is applied at from 2 to 5 gallons per acre, usually in oil or oil- 

water emulsions and sometimes in water alone (59, 64). Airplane 

application holds much promise for treatment of brush prior to plant- 

ing, for release of conifers from overtopping trees and brush, and 

in manipulation of cover for the encouragement of various species 

of wildlife (6) (Gener 5 Il)) 

Much remains to be discovered about the effects of time of applica- 

tion and the amount and kind of sprays before a sound basis is 

reached for aerial spraying. 

Figure 1.--Red pine 

plantation re- 

leased from over- 

topping hardwoods 

by aerial spray- 

ing. 



Cut Surface Sprays 

Brush and small trees may be cut and the stumps sprayed with herbi- 

cides. Such cut surface sprays are widely used, especially in areas 

where the aesthetic values would be injured by the presence of brown 

leaves and dead stems that follow foliage spraying. Cut surface 

sprays are also effective when the brush is over 6 feet tall or very 

dense. Cutting and spraying of stumps may be done throughout the 

year. Stumps should be cut high enough to be easily found at the 

time of treatment, and it has proved helpful to add color, such as 

Red=-O, to the spray so that it is easy to tell which stumps have 

been treated and thus prevent misses. High stumps also take less 

labor. However, if the area must be readily accessible in the future, 

high stumps should be avoided. The tops and sides of the stumps 

should be drenched to the point of runoff immediately after cutting. 

Depending on the area, several cutters will be needed to keep one 

sprayer busy. Power mowers can often be used advantageously for cut- 

ting small brush before spraying. 

Cut surface sprays should be more concentrated than foliage sprays. 

About 10,000 to 50,000 p.p.m., or 5 to 30 pounds a.h.g. of hormone 

sprays in oil, or 2 to 9 pounds of Ammate per gallon of water, 

ordinarily are used. It is important that runoff occurs so that 

sprouting from the root collar is minimized. This is probably the 

most effective method of eliminating brush and preventing subsequent 

sprouting, for the herbicides are applied close to the root collar 

where much of the sprouting would occur. Litter about the root crown 

of the plants may hinder thorough wetting of this part of the plant 

(72); standing water may also prevent sufficient chemical reaching 

the crown (2). Otherwise, season of application is unimportant. 

Basal Sprays 

Basal sprays have also been used with good results. Concentrated 

solutions of herbicides in oil are applied to the lower 1 or 2 feet 

of the stem and entirely around it to the point of runoff. Such 

basal sprays have been very effective during the dormant season when 

the foliage sprays, of course, cannot be used. Early spring treat— 

ment should be avoided when maximum control of sprouting is required 

(9). The volume of spray applied in basal spraying is very important. 

Experiments have shown that the spray should run down onto the root 

collar, for downward movement of herbicides in the plant is slow. 

Applications to brush standing in several inches of water have been 

ineffective, presumably because the water prevented the spray from 

reaching the root collar (2). 

Apparently the effect of basal sprays is to girdle the tree and to 

kill dormant buds at the ground level. Concentrations of 4 to 16 
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pounds a.h.g. are used in oil solution, although, on occasion, as 

high as 42 pounds a.h.g. have been recommended (55), 

Generally, 2,4,5-T has proven most effective for basal spraying, 

although there are instances where 2,4-D may be used on highly sus- 

ceptible vegetation. 

Axe Cuts, Girdles, Frills, Holes, or Notches 

Axe cuts, girdles, frills, holes, or notches through which herbi- 

cides may be introduced into the sapstream of the plant often are 

used to kill larger trees. Both ammonium sulfamate and the hormone=- 

type herbicides are used in this way. Again, as with the basal 

sprays, the lower the position of application the better the control 

of sprouting (8). Girdling without the use of chemical will usually 

kill a tree if carefully done, but the chemicals often do the job 

quicker, control sprouting to a greater extent, and may penetrate 

sideways into areas where girdling is not complete, giving a better 

kill than girdling alone. Frill girdling, a single row of overlap- 

ping axe cuts penetrating into the wood, will not kill a tree unless 

herbicides are placed in the cuts. However, because it does not re- 

quire so much cutting with hand tools, it reduces the danger of 

accidents and labor costs may be lower. 

A number of tools can be used for preparing the trees for treatment. 

Notches or cups cut into the tree trunk can, of course, best be made 

with an axe. This tool is also most effective for frilling. Some 

workers prefer a heavy axe with which the bark and wood can be pene= 

trated easily even in cramped quarters where the swing is limited; 

others use light axes. Power saws, gasoline-powered girdlers such 

as the "Little Beaver,'’ spuds, and simply bumping off the bark with 
the back of an axe can be used to expose the living tissues for 

application of herbicides, but frill girdling with an axe is probably 

more efficient than any of these methods. The "Cornell Tool," a 
hollow-handled, spud-like tool, simultaneously cuts the bark and in- 

serts a limited amount of chemical into the incision. The "Council 
Tool,'' a single-bitted axe with a punch on the back, can be used to 
quickly punch out the hole into which chemical solutions may be 

poured, 

Hormone=type herbicides for application in girdles, frills, and 

holes are used at 4 to 16 pounds a.h.g. in either oil or water. How- 

ever, Oil solutions are preferable; 4 pounds a.h.g. of 2,4,5-T in oil 

gave better results than 8 to 40 pounds in water (4). If the tempera- 

ture is below freezing, water solutions cannot be used. Care should 

be taken in most applications to wet thoroughly the girdle or frill 

so that any unsevered portions of bark will be killed by lateral pene- 

tration of the chemicals. The herbicides should be applied immediately 

after exposure of the living tissue for best results. 2,4,5-T gives 

better top-kill and sprout control than does 2,4-D. 
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Ammate can be applied to cut surfaces either in a solution of 1 to 

4 pounds per gallon of water or as crystals. For larger trees good 

results have been obtained by placing a tablespoonful of crystals 

in notches cut into the base of the tree and spaced about 6 inches 

apart around the circumference (70). Some workers have placed the 

notches closer together. On small stems that can easily be severed 

from the roots, a V-shaped cut is often made and about a tablespoon- 

ful of crystals placed on the stump. The deliquescent crystals 

rapidly absorb moisture from the wood and from the air and are dis- 

solved and absorped by the tree (fig. 2). : 

To reduce the volume of material that must be transported, experi- 

ments have been conducted using concentrations of 400 pounds a.h.g. 

of 2,4-D and 2,4,5-T (the concentration in which hormone-type herbi- 

cides are commonly sold) in frills. These treatments show promise 

of reducing costs, especially through use of the amines applied at 

the rate of 1 milliliter per inch of diameter (75). 

SEASON OF APPLICATION 

Season of application is important, for herbicides are translocated 

in the presence of carbohydrates. Therefore, best results are 

obtained in foliage spraying when the leaves are fully expanded and 

are synthesizing food beyond the needs of the leaves. At this time 

the food is being transported out of the leaf and the herbicide will 

move along with it (16). Presumably some will be transported to 

the roots. Furthermore , the ability of a plant to recover from kill- 

ing of foliage and stems depends upon the food reserves available to 

Figure 2.--Ammate 

crystals are 

placed in notches 

cut in large 

trees or in the 

tops of small 

stumps. 



it to produce new sprout growth--another reason why the season of 

application is important. In deciduous plants and, to a lesser ex- 

tent, coniferous ones, the rapid growth of foliage in the spring is 

sustained in a large part by the reserves stored either in the roots 

or in stems. These reserves are at a low point after completion of 

leaf growth but before the leaves can manufacture food beyond their 

own needs. Therefore, foliage spraying at about the full-leaf stage 

will result in minimum number and vigor of sprouts. For example, 

hazel sprayed in July produced fewer and less vigorous sprouts than 

those sprayed in June and August (61). 

The time to cease foliage spraying in the fall is difficult to de- 

termine, Oak has been successfully sprayed even after the leaves 

have turned red (18), but it is safer to discontinue foliage spray- 

ing several weeks before the first frost until more is known about 

late-season spraying. 

The season of application of basal sprays and cut surface treatments 

is less critical than with foliage spraying but nevertheless impor- 

tant. With these types of treatments, the chemicals are applied 

near the base of the plant. Killing is probably due largely to a 

girdling effect. Sprouting is often inhibited by application of 

chemicals directly to the root crown. Therefore, translocation, 

which is intimately associated with the stage of growth of the plant, 

is not as vital to successful control as in foliage spraying. Top- 

killing is usually good at all seasons of the year, but subsequent 

sprouting varies with the season of treatment. For example, aspen 

basal=-sprayed between June and October produced no suckers, but 

trees sprayed at other times of the year did (5). November basal 

spraying of mountain maple gave better control of sprouting than 

did May spraying (62). Chemical frill girdling during July to 

October gave better sprout control than in other periods of the year 

(8). In all these tests, top-kill was equally good at all seasons. 

Thus, basal spraying and cut surface applications extend the season 

of treatment throughout the entire year, but only at the expense of 

sprout control. 

CONCENTRATION AND RATES 

Rates of application of the hormone sprays are often expressed in 

terms of pounds of acid equivalent. Commercial preparations usually 

contain 4 pounds acid equivalent per gallon. Concentration of sprays 

may be expressed in pounds of acid equivalent per hundred gallons of 

spray (a.h.g.). However, some workers express concentration in per- 
centage or parts per million (p.p.m.). These two measures, which 

are on a weight basis, are not absolute because water and oil, the 

commonly used spray diluents, have different specific gravities. 

Also, percentage concentrations are sometimes expressed on a volume 

basis, adding to the difficulty of determining exactly how to mix a 
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chemical to give a desired concentration in percentage or p.p.m. 

For these reasons, pounds of acid equivalent per hundred gallons is 

to be preferred. However, many of the publications consulted gave 

the concentration in p.p.m. or percent and are reported in that man-= 

ner here. 

Ammate solutions are usually reported in pounds of Ammate in gallons 

of water. Six pounds of Ammate dissolved in 1 gallon of water makes 

1.4 gallons of spray solution (68). 

For area treatments, rates are usually indicated in pounds of acid 

equivalent per acre, Spray equipment must be calibrated accurately 

to permit application of the desired amount of herbicide in the cal-= 

culated concentration, 

The following tables will permit conversion from one measure of con- 

centration to another and indicate how to mix sprays to obtain 

desired concentrations. Table 1 shows how to mix solutions of 

desired concentrations in pounds of acid equivalent per 100 gallons 

of spray. The indicated amount of herbicide should have added to 

it sufficient diluent to make 100 gallons of spray. Table 2 can be 

used for approximate conversions from one measurement of concentra- 

tion to another, Concentration by weight will remain constant re- 

gardless of the concentration of the formulation used to mix the 

spray. However, the concentration by volume will vary with the con- 

centration of the formulation, This table is for herbicides of 4 

pounds acid equivalent per gallon, the most common concentration 

supplied by manufacturers. 

Table 1.--Amount of herbicide to use for sprays 

of different concentrations 

And required concentration of spray 

When acid "in pounds of acid per 100 gallons (a.h.g.) is-- 

equivalent of 

herbicide is-- ; 2 : 4 : 6 ; 8 Boe, WUHAN Ad 

Use gallons of herbicide shown 

2.00 lbs./gal. 1.0 2.0 3.0 4.0 6.0 8.0 10.0 

3.00 lbs./gal. ot eS 2.0 PNT 4.0 5.3 6.7 

3.34 lbs./gal. 6 1.2 1.8 2.4 3.6 4.8 6.0 

4.00 lbs./gal. 6m 1.0 1S) 2.0 3.0 4.0 5.0 
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Table 2.--Table for conversion from one measure 

of concentration to another 1/ 

WATER CARRIER 

Concentration by weight of acid Concentration by volume 
eo eo 

P.p.m. Percent A.h.g. Percent 

2,900 0.25 2 0.5 

5,000 00 4 1.0 

10,000 1.00 8 2.0 

OIL CARRIER 

10,000 1.00 7 eg 
20 ,000 2.00 13 3.4 
30,000 3.00 21 Seal 

aly! For herbicides of 4 pounds acid equivalent per gallon. 

EQUIPMENT NEEDED 

Foliage sprays may be applied with a variety of equipment, ranging 

from small household spray guns for treatment of only a few plants 

to elaborate power sprayers and airplanes for large areas. For spot 

spraying and control of small patches of brush, 3=— or S-gallon knap- 

sack sprayers are satisfactory (fig. 3). A high-pressure sprayer, 

the "Hi-Fog" gun, carrying 34 quarts of spray and developing pres- 
sures up to 1,000 pounds, is sometimes used for application of small 

amounts of comparatively concentrated sprays in areas of difficult 

access (52). For right-of-way spraying, a wide variety of truck- or 

tractor-mounted power equipment with spray booms is available. Vol- 

umes as low as 10 gallons per acre can be applied with such equipment, 

but usually considerably more volume is used. They should be operated 

at low pressures of 30 to 100 pounds in areas where drift presents 

a problem. However, higher pressures are more efficient. Pressures 

that are too low result in poor coverage of leaves and stems, exces~ 

sive runoff, and poor penetration into dense brush stands. For high-~ 

pressure spraying, power turbine blowers have worked well, using 30 

to 40 gallons per acre. Special spray cars mounted by batteries of 

six spray guns have been used on railroad rights-of-way. 



Figure 3.--Low= 

pressure knapsack 

sprayers may be 

used to apply 

basal sprays. 

Fire equipment can be used for spraying by mounting portable pumps 

and barrels or tanks on truck beds, provided the rubber on the system 

is replaced by neoprene, which is not destroyed by the oil in the 

sprays (72). 

For covering large areas, airplane application is perhaps the most 

economical method, although the techniques have not been worked out 

thoroughly enough to obtain consistent and effective results with 

every operation. The volumes applied per acre are quite low--from 

2 to as much as 7 or 8 gallons per acre. Good distribution of such 

small volumes of spray is, of course, very difficult with slow-moving 

ground equipment. Herbicides used must be effective in small quan- 

tities because of the comparatively high cost of applying a given 

quantity of liquid from the air as compared to ground applications. 

For this reason the hormone-type herbicides, which produce good re- 

sults when applied at the rate of 1 to 2 pounds acid equivalent per 

acre, have been used in aerial brush control spraying. Oil or oil- 

water emulsions have been found most satisfactory. 

Because of the small size of the spray droplet produced by airplane 

equipment, the weather conditions for aerial application are criti- 

cal. Spraying should not be attempted if wind movement is over 6 

miles per hour, for then results will be spotty because of drift of 

the spray. The higher the proportion of oil in the spray, the 

greater the number of small droplets produced. 

Light airplanes that can land on small fields or lakes near the 

point of application and are highly maneuverable are used for most 

aerial application, although in some instances where helicopters 

were used the applications cost only about 30 to 50 percent more 

than with fixed-wing aircraft (20). Helicopters are more maneuver- 

able and are, therefore, more desirable in rough country than in 

flat country (26). 

18 



Basal sprays are applied at low pressures. Knapsack sprayers with 

U-tipped spray wands have been advocated to cover two sides of the 

tree simultaneously to give quicker and better coverage of the base 

of the bole (10), but they use more spray solution. Low-pressure, 

truck-mounted power sprayers with several hoses equipped with trigger- 

type shutoffs at the tip have been used for right-of-way basal spray- 

ing very successfully (72). 

Herbicide spray equipment should be thoroughly cleaned before it is 

used for other purposes on susceptible plants. Solutions of ammonia 

or trisodium phosphate have been recommended for cleaning equipment 

used with hormone sprays. Ammate solutions will corrode metals very 

quickly, and serious damage will result if the equipment is not 

cleaned thoroughly soon after using by flushing with large quanti- 

ties of water. Ammate spray that has drifted to associated equipment 

such as trucks or trailers should also be removed from them to pre- 

vent damage. 

Frills, girdles, and cups are usually made with axes. The Cornell 

tool has been used for application of Ammate and hormone herbicides 

through the bark of individual trees. 

Chemical solutions may be applied to frills, girdles, and cut sur- 

faces with a low-pressure knapsack sprayer, a simple back=pack 

sprayer made from a 2-gallon oil can (15), or paint brushes or swabs 

in the case of Ammate., The low-pressure sprayers are preferable, 

however, for they do a faster job and can be used on the occasional 

frill that is placed too high to permit utilization of gravity flow. 

The kind of nozzles used on spray equipment is important. For low- 

volume spraying with a knapsack sprayer, No. 59 or A90 "Monarch" 
nozzles or equivalent, or atomizing nozzles, have been recommended 

(67). Some prefer fog nozzles or "pecan" nozzles on high-pressure 
systems (67). For basal stem spray, the "Hi-Fog" gun with No. 3 or 
No. 4 nozzles , or knapsack sprayers with standard weed nozzles such 

as Spraying Systems No. 8004 or No. 6504, have given good results 

(1, 52). For stump treatment with knapsack sprayers, the full-jet 

No. 1 nozzle is good (1). Two-gallon oil cans have been adapted for 

application of chemicals to frills and girdles by attaching a hose 

with a clip-type tubing clamp and terminating with a 24-inch length 

of 4-inch aluminum tubing. Such equipment is inexpensive and de- 

livers a solid stream of fluid that can be directed into the frill 

or girdle with little waste through splashing (15). 

In aircraft spraying, nozzles with x-inch openings have been used to 

cut down spray drift. Atomizing nozzles should not be used because 

the small spray particles produced will drift excessively. Nozzles 

that have individual diaphragms or a ball-check, insuring positive 
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shutoff of spray at the end of the run, are desirable. The boom 

should be large enough to prevent a significant drop in pressure at 

the end nozzles and should be fitted with caps at the end to permit 

cleaning. There should be fewer nozzles in the 3=- to 4-foot space 

left of center and more nozzles in the space right of center to com- 

pensate for the spray displacement caused by the propeller slip 

stream. Airplane spray equipment must be well calibrated to ensure 

the application of the limited volume of spray evenly and at the 

proper rate over the area. 

COST OF 

CHEMICAL BRUSH CONTROL 

The cost of chemical control of woody plants depends on such factors 

as the kind of chemicals used; the rate and concentration; the method 

of application; the kind, size, and density of vegetation treated; 

the season of application; and the prevailing wage rate. These may 

well vary with each operation. 

Cost of chemical and spray material is, of course, an important item. 

However, the per-pound cost may not be a good indication of treat- 

ment cost with a given chemical because the methods of application 

and the amount necessary to give control also are important. For 

example, it was found that similar results were obtained by using one 

part of 2,4,5-T or five parts of "brushkiller"” in treating cut stumps 
(32). Thus, it was ultimately cheaper to use the more expensive 

2,4,5-T than the "brushkiller." In foliage spraying, the large quan- 
tity of Ammate needed makes use of this cheap chemical more costly 

than spraying with the much more expensive hormone=type materials. 

Approximate price ranges for some of the common herbicides are (20): 

Chemical Cost per pound 

2,4=-D (acid equivalent) $ 1.00 - 1.50 

2,4,5-T (acid equivalent) 2.00 = 3.00 

MCP (acid equivalent) 2.00 - 3.00 

Ammonium sulfamate elLS = .29 

Arsenicals -0O6 = .10 

TCA -45 - .60 

Some costs reported for ground spraying of foliage are: $6 to $7 

per acre to spray hazel brush averaging 20,000 stems per acre with 

Ammate or 2,4-D (80) , $2.40 per acre to kill low-value hardwoods in 

the South (13), $13 to $44 (average $30) per acre for spraying power- 

line rights-of-way (67), and $6 to $9 for foliage sprays (27). 
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Ammate, despite its low price per pound, has cost from $35 to $50 

for foliage spraying of brush in the Northeast where several hundred 

gallons of solution had to be applied per acre (36, 45). In con-= 

trast, it cost $13 per acre to apply 2,4,5-T to alder (71). In this 

same test, better control of the alder was obtained by Swabbing cut 

stumps with a solution of Ammate, with a cost of $25 per acre. How- 

ever, the results from the cheaper spraying of 2,4,5-T were deemed 

adequate to accomplish the objective of releasing understory coni- 

fers. Foliage spraying with hormone-type sprays is undoubtedly the 

most effective and cheapest method of brush control along roads or 

other rights-of-way easily accessible to motor vehicles. Tests along 

a telephone right-of-way cost $39.10 for hand cutting of the 8-year- 

old northern hardwood and aspen brush, compared to $16.20 for 2,4,5-T 

spraying with back=pack fire pumps, and $35.40 with power equipment 

(69). The power equipment and its methods of use were wasteful of 

the chemical, accounting for the unusually high cost. For applica- 

tion of herbicides to larger blocks of land, the use of airplanes is 

by far the cheapest. Costs of airplane spraying of 2,4-D or 2,4,5-T 

ranged from $2.50 (76) to $3.50 per acre (59) when ot iwdaie enon 2.9 

to 5 gallons per acre. Application with helicopters has cost from 

$3 to $4 for 10 gallons of spray per acre (25). 

Basal spraying of herbicides requires comparatively large amounts of 

oil solution of the herbicides to insure thorough wetting of the 

base of the tree to the point of runoff and is not generally recom- 

mended for trees over 4 inches in diameter on the stump (9). 

One series of tests showed the following use of herbicide sprays 

per inch of diameter of the treated trees: Basal spraying of 3- to 

10-inch trees, 72 milliliters; Cornell tool treatment of 3- to 10- 

inch trees, 4.5 milliliters; Cornell tool treatment of 10- to 30- 

inch trees, 4.7 milliliters; and frill girdling of 10- to 20-inch 

trees, 27 milliliters (40). When considering both the labor time 
and material costs, the Cornell tool application was the cheapest, 

the basal spraying the most expensive, and the frill girdling inter- 

mediate in cost. The large amount of spray required for basal 

spraying made this method the most expensive even though the labor 

requirements were the least. 

In a test (9) of four methods of control--cutting small trees with 

an axe and felling larger ones, poisoning with Ammate on cut stumps 

or in notches, and basal spraying to two heights, 2 and 4 feet-- 

basal spraying required the least amount of labor; poisoning with 

Ammate gave the highest labor requirements. With known local costs 

of labor and chemicals, information from this test can be used to 

determine total costs of the four methods of control. 
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In another test in Lower Michigan, chemical frill girdling with a 

crew of 4 (3 axemen and 1 man to apply the chemical), 1,000 inches 

of diameter were treated per hour with about 1.5 gallons of herbi- 

cide solution (8). The spray, 4 pounds a.h.g. of 2,4,5-T in oil, 

gave good top-kill; one-half to one-third of the treated trees 

sprouted, depending upon the season of treatment. 

A test in the South on hardwood control showed that frill girdling 

cost $3.60 per acre compared to $8.38 per acre for poisoning with 

Ammate in notches on large trees and on cut stumps of small ones 

(37). However, if sprouting is a problem, the more expensive treat- 

ment is considered the more desirable because of the much smaller 

number of sprouts produced, 

Notching with Ammate in the Lake States costs $2.49 per 100 trees 

(70). A formula developed for estimating the cost of deadening 

trees with Ammate by notching the larger trees and felling and treat= 

ing the cut stumps of smaller trees is: Man-hours = 0.009 x sum of 

diameters - 0.005 x number of trees per acre (44). About 4 pounds 

of Ammate were used for every 100 inches of diameter treated. For 

smaller trees, largely under 5 inches d.b.h., one=third of the basal 

area to be treated will be the number of man-hours required; 14 to 

2 pounds of Ammate will be required for each square foot of basal 

area, 

A test with Ammate solution injected with the Cornell tool gave 

costs not much in excess of conventional cutting methods (68). 

Another test in the South, using water emulsion of 2,4,5-T in frilis, 

required 2.32 man-hours and 1.60 gallons of spray at 25 cents per 

gallon to kill 70 trees per acre with an average diameter of 7.6 

inches (14). 

In estimating the cost of brush control, it usually is not necessary 

to plan for complete kill of existing vegetation. But such vegeta= 

tion must be killed back sufficiently to enable the desired tree 

species to dominate any sprouts that follow top-killing of the brush. 

In some cases, a more complete kill will result in the establishment 

of grasses and other herbaceous plants that may offer more competi= 

tion than the brush present before treatment. 

Of course, sometimes, as on rights-of-way, a complete kill is often 

desirable; the cost of several treatments to remove species that are 

strong sprouters will then have to be computed. Selective spraying 

to encourage a stand of low=growing species has been advocated as a 

means of establishing a right-of-way cover that will maintain itself 

for long periods (29). Stable communities of brush or herbaceous 

plants have been observed. If such communities can be established 
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by spraying, the frequency of respraying may be reduced greatly. 

Generally, shrubs seem to hold the most promise of maintaining them- 

selves without invasion of tree species, at least in the Northeast. 

The success of such operations hinges upon better knowledge of what 

species constitute stable communities on different sites. 

The examples above indicate the range of costs encountered in various 

methods of brush control. Treatment costs will vary with the par- 

ticular conditions encountered and the efficiency of the workers. 

As with any management job in forestry, each potential brush control 

operation will have to be inspected and the means available for 

treatment weighed in the light of the knowledge of methods used in 

the past, the equipment available for the job, and the purpose of 

the work, 

NEE ee ODES SHUEGEGUE Sele ED 

FOR Tan LAKE Sy AAV eS) 

In the preceding sections present knowledge of chemical control of 

woody plants applicable in the Lake States has been summarized. 

Based on this information, what appear to be the most useful methods 

under various conditions are presented briefly in the following 

pages. Results of various tests for Lake States woody plants are 

given in tabular form in the Appendix. Also in the Appendix are 

listings of suppliers of herbicides and spray equipment. 

When planning a chemical treatment, it should be remembered that 
complete kills have seldom been obtained with one operation. In 

some instances, a single treatment may be all that is needed. This 

is especially true in operations designed to release desirable tree 

growth, in which case killing overtopping brush at the right time is 

sufficient to allow the trees to gain ascendancy over the brush, 

even though it may sprout after top-killing. In other cases, such 

as control along rights-of-way, followup sprays will be needed at 

intervals. In any spray operation, results should not be evaluated 

until at least 1 and preferably 2 or 3 full growing seasons after 

treatment during which both sprouting and mortality may occur. 

TO CONTROL BRUSH ON ROADSIDES, 

RIGHTS-OF-WAY, AND FIRELINES 

On roadsides, rights-of-way, and firelines, where complete brush 

kill along narrow strips is desired, use a foliage spray of 2,4,5-T 

in low-volatile ester formulations, applied soon after the leaves 

are fully expanded. Concentrations of about 2 pounds a.h.g. are 

sufficient. Brushkillers--mixtures of 2,4-D and 2,4,5-T esters-- 
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may be used, but the straight 2,4,5-T spray will probably be some- 

what more effective on mixed brush. If the brush is of species sus-— 

ceptible to 2,4-D, use of this chemical alone will reduce the cost 

of spray material. When the brush is continuous, use a power sprayer 

mounted on a vehicle with spray booms. If only occasional clumps of 

brush are encountered, either a knapsack sprayer or a power sprayer 

with several hoses terminated with trigger=-type valves at the nozzles 

may be used. Leaves and young stems should be covered with the spray. 

If aesthetic considerations are important, as in recreational areas, 
cutting the brush before chemical treatment is desirable, although 

more expensive. 2,4,5-T at about 12 pounds a.h.g. in oil should be 

used to wet thoroughly the cut surface, sides, and base of the stumps. 

High stumps are easier to cut and treat, but may interfere with ac- 

cess along the right-of-way. Addition of a dye to the spray will 

aid in identifying treated stumps. An alternative to this treatment 

would be to mow the brush in midsummer with power equipment and then 

the following summer apply a foliage spray to the resultant sprouts 

at the full-leaf stage. This would, of course, reduce the cost of 

herbicides and probably of the total operation. Ammate solution at 

about 6 pounds per gallon of water may also be used as a spray on 

the cut surface. 

In the Alleghenies, basal spraying without first cutting the brush 

gave better control than foliage spraying and permitted selection of 

plants to be left untreated. Therefore, although this treatment was 

as much as 3 times as costly as foliage spraying, it was considered 

more desirable (72). 2,4,5-T at 12 pounds a.h.g. in oil is effec- 

tive in this sort of treatment, 

The initial application of herbicides is much more costly than second 

and later applications, Information is not available on the frequency 

of respraying needs; much will depend upon the species of brush, the 

site, the type of control desired, and the efficiency of the original 

application. In any case, respraying should not be attempted until 

the sprout growth has resumed its normal habits of growth. Distorted 

sprouts, which often are found soon after treatment, are not easily 

injured by respraying (18). After 2 or 3 treatments, the costs and 

frequency of treatments should be very low. 

TO RELEASE LARGE CONIFEROUS PLANTATIONS 

To release large coniferous plantations overtopped by broadleaf 

shrubs or trees, use an ester formulation of 2,4,5-T. About 1 to 2 

pounds of acid in 3 to 5 gallons of oil emulsion spray per acre in 

aerial applications will give good results with most species. If the 

brush is susceptible to it, 2,4-D is satisfactory; otherwise, the 

less selective 2,4,5-T will be more desirable although more expensive 

per pound, 
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Spraying should be attempted only after the conifers harden off, 

Northern Minnesota experience indicates that spraying to release the 

spruces can begin about July 10 to 15, red pine after July 20. A 

Lower Michigan test showed that white spruce can be safely sprayed 

after July 15; all other species can be sprayed by August 1, although 

some browning occurred on jack pine until August 15 (7). Variation 

in weather conditions may change the date of earliest spraying from 

year to year. The slight damage caused to the conifers will not 

affect their growth noticeably; however, needle drooping, which is 

sometimes conspicuous in red pine, would make such treatment inadvis- 

able on Christmas tree plantations. One treatment may give the brush 

enough of a setback to permit the conifers to outgrow it; in some 

instances, additional treatments may be needed. 

Small fixed-wing aircraft that can land on small fields located close 

to the area to be sprayed are more economical and maneuverable than 

planes with larger capacity. If desirable, they may be equipped to 

land on nearby lakes. 

Ground spraying of plantations has been made obsolete by aerial 

spraying, except for those that are too small to be economically 

sprayed from the air or are so located that damage to crops prohibits 

the use of aerial spraying. In such cases, power equipment mounted 

on vehicles or, for small areas, knapsack sprayers may be used. 

TO PREPARE BRUSHY AREAS FOR PLANTING 

To prepare brushy areas for planting, aerial application of herbicide 

sprays similar in volume and concentration to that used for planta- 

tion release should be made during the growing season. Preplanting 

release can be done earlier in the season than plantation release 

because there is no need to delay spraying until the conifers have 

hardened off. Thus, the brush can be sprayed at the full-leaf stage 

when the treatment is most effective. After the brush is killed, 

burning, if possible, would clear the areas of dead stems for more 

ready access by planting crews. 

In most cases, the sprouts will have to be controlled with additional 

spraying several years after establishment of the plantation. Fourth- 

year results of growth and survival of red pine showed that 42 per- 

cent of the trees on the sprayed area needed release compared to 71 

percent on the untreated planting site. Other advantages gained by 

the spraying were slightly better survival, nearly twice the height 

growth, and a 7O=percent reduction in hare damage (65). 

Aerial spraying appears to have a great advantage over disking in 

preparation of brushy areas for planting. In northern Minnesota, 

such spraying can be done for about one-fourth the cost of disking; 
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sprayed areas should require no more subsequent release than disked 

ones. Planting sites that are too stony or rough or are inaccessible 

to disking equipment can be sprayed aerially to permit successful and 

economical planting. Another advantage is that sprayed areas can be 

planted with machines, an impossibility on disked land where the sur- 

face is left in rough condition. 

TO REMOVE BRUSH UNDER MATURE PINE 

Herbicides may be used to reduce the competition of brush with repro- 

duction already present or expected under stands of mature pine. 

2,4-D or 2,4,5-T, depending upon the brush species present, may be 

used as a foliage spray applied by knapsack sprayer if the brush is 

scattered or by jeep= or tractor-mounted equipment if the brush is 

continuous. A recent test in northern Minnesota showed that aerial 

sprays also may be used; the spray penetrated the overstory pine, 

giving good control of the brush without harming the pine. Spraying 

should be delayed until the pine hardens off to avoid injury to any 

existing reproduction. Spraying of moderately dense hazel brush 

under a mature stand of red and white pines resulted in 24 to 160 

percent more seedlings than before treatment compared to a gain of 

2 percent on the untreated plots. Only 21 percent of the seedlings 

on the plots sprayed with 2,4-D in June, the most effective treat- 

ment, needed release 7 years after treatment compared to 58 percent 

on the check plots (63). 

TO REMOVE INDIVIDUAL STEMS 

To remove individual stems of nonmerchantable or undesirable trees, 

a number of methods can be used. Frilling (making a series of over- 

lapping cuts through the bark and into the wood with an axe) and 

applying 4 pounds a.h.g. oil solutions of 2,4,5-T ester is usually 

the most economical method of chemical treatment to remove individual 

trees larger than 4 inches. Good control of sprouting is also ob= 

tained. Summer and fall treatments gave the best control of sprouts 

with 2,4,5-T in the Lake States; the lower the location of the frill, 

the better the control of sprouting (8). Notching every 6 inches of 

circumference and placing a tablespoonful (4 ounce) of Ammate crystals 

in each notch also gives good results. Small trees that are easily 

severed with a few strokes of the axe should be cut, and the crystals 

placed on the cut surface. Basal spraying of individual trees with 

4 pounds a.h.g. of 2,4,5-T also is effective, but the lower foot or 

so of the tree must be sprayed to the point of runoff with oil solu- 

tions. This requires considerably more chemical than the frilling 

described and, therefore, cannot be recommended for larger trees. 
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MORE Ree) BAN RCH NEEDED 

Chemical control of woody plants has become an accepted practice. 

Research in this field has come a long way in the past few years. 

As the power saw has replaced the crosscut saw in felling trees, 

so the spray gun has replaced the mower, brush hook, and other cut- 

ting tools in brush control. But there is still much to be learned. 

Basic information is needed to explain seemingly contradictory re- 

sults obtained in some past tests. These may be due to subtle but 

important differences in application or physiological condition of 

the plants. For example, some workers report good kill of aspen 

with hormone herbicides; others have little success. What causes 

the difference? 

Season of application has still to be investigated thoroughly. For 

example, when in the fall should foliage spraying be discontinued? 

We are discovering that we know comparatively little about the 

ecology of our various troublesome brush species. How do they in-= 

vade areas? What is the extent of interconnection between nearby 

plants of a given species? What are their growth rates on various 

sites? How can we establish permanent stands of desirable brush in 

the face of competition with other species? 

These are but some of the problems awaiting solution by researchers. 

This Station and other organizations in the region are actively 

engaged in trying to find the answers. And as our knowledge is 

increased and new chemicals and methods of application are developed, 

our control work will gain in effectiveness and economy. 
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Table B.--Partial list of producers of erbaendeee A 

Company Herbicides produced 

Allied Chemical and Dye Corp. 

40 Rector Street 

New York 6, N. Y. 

American Chemical Paint Co. 

Agricultural Chemicals Division 

Ambler, Pennsylvania 

American Cyanamid Co. 

Agricultural Chemicals Division 

30 Rockefeller Plaza 

New York 20, N. Y. 

Chemagro Corporation 

437 Fifth Avenue 

New York 16, N. Y. 

Chipman Chemical Co., Inc. 

Chicago, Illinois 

Diamond Alkali Co. 

300 Union Commerce Building 

Cleveland 14, Ohio 

The Dow Chemical Company 

Midland, Michigan 

E. I. duPont de Nemours & Co., Inc. 

Grasselli Chemicals Department 

Wilmington 98, Delaware 

Monsanto Chemical Company 

1700 South Second Street 

St. Louis 4, Missouri 

Standard Agricultural Chemicals, Inc, 

13th & Jefferson Streets 

Hoboken, New Jersey 

See footnote at end of table. 

2,4-D, 2,4,5-T, TCA, DNOSP 

2,4-D, 2,4,5-T, 2,4,5-TP, 

MCP, TCA, Aminotriazole, 

polychlorobenzoics 

Aminotriazole 

2,4-D, 2,4,5-T 

2,4-D, 2,4,5-T, MCP 

2,4-D, 2,4,5-T 

2,4-D, 2,4,5-T, 2,4,5-TP 

Ammate , CMU 

2,4-D, 2,4,5-T, MCP 

2,4-D, 2,4,5-T, MCP, TCA, 
DNOSP 



Company Herbicides produced 

Standard Oil Company 2,4-D, 2,4,5-T 

Chicago, Illinois 

Thompson—Hayward Chemical Co. 2,4-D, 2,4,0-T, TCA, 

Kansas City 8, Missouri Aminotriazole 

Woodbury Chemical Company 2,4-D, 2,4,5-T, CMU, TCA, 

1590 West 12th Avenue Aminotriazole 

Denver, Colorado 

uy This list is included for information only. It does not 

purport to be complete, and the listing herein implies neither dis- 

crimination against nor endorsement of dealers or their products. 
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Table C.--Partial list of manufacturers of spraying equipment— 

John Bean Division 

Food Machinery & Chemical Corp. 

Lansing 4, Michigan 

E and E Sprayer Company 

Waverly, Nebraska 

Original Enderes Company 

Guttenberg, Iowa 

The Engine Parts Mfg. Co. 

1360 West 9th Street 

Cleveland 13, Ohio 

Hanson Chemical & Equipment Co. 

Beloit, Wisconsin 

The Hardie Manufacturing Co. 

Hudson, Michigan 

Kupfer Products, Inc. 

Madison, Wisconsin 

1/ This list is included for information only. 

Monarch Manufacturing Works, Inc. 

2501 East Ontario Street 

Philadelphia 34, Pennsylvania 

Northwest Agricultural Aviation Corp. 

Choteau, Montana 

Sorenson Manufacturing Co, 

Worthington, Minnesota 

Spraying Systems Company 

3275 Randolph Street 

Bellwood, Illinois 

Tryco Manufacturing Co., Inc. 

Forsyth, Illinois 

W. A. Westgate Co, 

P, O. Box 445 

Davis, California 

It does not 

purport to be complete, and the listing herein implies neither dis- 

crimination against nor endorsement of dealers or their products. 

98 
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Tests of a Portable Wood Chipper, by J. L. Arend, R. N. Smith, and 

R. A. Ralston. Sta. Paper 30, 37 pp., illus. 1954. (Processed.) 

Forest Statistics of Minnesota, 1953, by Paul C. Guilkey, Bernard 

Granum, and R. N. Cunningham, Sta. Paper 31, 36 pp., illus. 1954, 
(Processed.) 
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Heinselman and Z. A. Zasada. Sta. Paper 32, 61 pp. 1955. 

(Processed.) 

Oak Wilt Damage--A Survey in Central Wisconsin, by Ralph L. Anderson 

and D. D. Skilling. Sta. Paper 33, 11 pp., illus. 1955, 

(Processed.) 

Forest Management Lessons From a 1949 Windstorm in Northern Wisconsin 

and Upper Michigan, by J. H. Stoeckeler and Carl Arbogast, Jr. 

Sta. Paper 34, 1l pp. 1955. (Processed.) 

The Forest Insect Situation, Lake States, 1955, by L. C. Beckwith and 

H. G. Ewan, Sta. Paper 35, 15 pp., illus. 1956. (Processed.) 

The Timber Resource of North Dakota, by John R. Warner and Clarence 

D. Chase. Sta. Paper 36, 39 pp., illus. 1956. (Processed.) 

Lake States Timber Resources, by R. N. Cunningham and Survey Staff. 

Sta. Paper 37, 31 pp. 1956. (Processed.) 

Publications of the Lake States Forest Experiment Station, 1923-1955. 

Sta. Paper 39, 130 pp. 1956. (Processed.) 

Guide for Selecting Superior Forest Trees and Stands in the Lake 

States. Sta. Paper 40, 32 pp., illus. 1956. (Processed.) 




